Background-Neuropathological damage due to chronic alcohol abuse often results in impairment of cognitive function. The damage is particularly marked in the frontal cortex. The 14-3-3 protein family consists of 7 proteins, β, γ, ε, ζ, η, θ and σ, encoded by 7 distinct genes. They are highly conserved molecular chaperones with roles in regulation of metabolism, signal transduction, cell-cycle control, protein trafficking, and apoptosis. They may also play an important role in neurodegeneration in chronic alcoholism.
Introduction
Chronic and excessive alcohol consumption has deleterious effects on the CNS, including damage to specific regions of the cerebral cortex (Kril et al., 1997) . Chronic alcohol misuse can lead to impaired cognitive functions, including reduced ability to solve abstract problems, poorer memory, flawed fine motor skills, and reduced overall motor function (Harper and Matsumoto, 2005) . Impairment of cognitive function correlates directly with the pattern of structural changes that occur in the brain, which includes reduced brain weight, reduction in white matter, and loss of neurons in specific cortical regions, primarily the dorsolateral prefrontal association cortex (prefrontal cortex, PFC; reviewed in Harper, 2009) . Other changes include lower neuronal density (Kril et al., 1997) , altered dendritic arbour and synaptic connectivity, and alterations to neurotransmitter systems (reviewed in Harper and Matsumoto, 2005) . Comorbid diseases such as cirrhosis of the liver and Wernicke-Korsakoff Syndrome (WKS) exacerbate the neuropathological effects of chronic alcohol abuse (Kril et al., 1997) .
The acute effects of alcohol are mediated by direct interaction with neurotransmitter and signalling systems, resulting in changes in the number and type of receptors, and in the amount of neurotransmitter released into the synapse. Continuous exposure to alcohol results in changes in neuronal function which are mediated, in part, by changes in gene expression (Nestler and Aghajanian, 1997) which are more extensive in the prefrontal cortex, emphasizing the importance of this region in compulsive alcohol misuse (Liu et al., 2004; 2006) . Long-term exposure to cocaine and heroin results in patterns of brain plasticity similar to those induced by alcohol (Koob, 2004; Pignataro et al., 2009) . It is likely that the remodelling of synaptic connections is dependent on changes in gene expression, which is responsible for these alterations in brain plasticity (reviewed in Pignataro et al., 2009) . cDNA Microarray and global proteomics studies have been used to identify genes and proteins that are differentially expressed in response to chronic alcohol misuse. Differentially expressed gene families include those involved in myelination, protein trafficking, ubiquitination, mitochondrial function, cell adhesion, neurogenesis, apoptosis, signal transduction and transcriptional control of gene expression (see Flatscher-Bader et al., 2005; Lewohl et al., 2000; Liu et al., 2004; 2006; Mayfield et al., 2002; Pignataro et al., 2009; Sokolov et al., 2003) . These gene expression changes are consistent with theories of extensive alcohol-induced adaption of the CNS (reviewed in Crews et al., 2005; Lewohl et al., 2000; Liu et al., 2004; Pignataro et al., 2009; Sokolov et al., 2003) .
The tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation proteins are a family of molecular chaperones commonly referred to as 14-3-3 proteins. The family consists of seven transcripts in mammals: 14-3-3β (YWHAB), 14-3-3γ (YWHAG), 14-3-3ε (YWHAE), 14-3-3ζ (YWHAZ), 14-3-3η (YWHAH), 14-3-3θ (YWHAQ) and 14-3-3σ also known as stratifin (SFN) (Berg et al., 2003; Fu et al., 2000; Wilker and Yaffe, 2004) . Each protein is encoded by a distinct gene. The 14-3-3 family comprises highly conserved proteins with varying roles in regulation of metabolism, signal transduction, cell-cycle control, protein trafficking, transcription, stress response, apoptosis (Aitken, 2006; Dougherty and Morrison, 2004; Wilker and Yaffe, 2004) and dopamine synthesis (Wang et al., 2009) . They are predominantly found in the brain and make up approximately 1% of total soluble brain protein (Fu et al., 2000; Ubl et al., 2002) .
Previous studies have shown that members of the 14-3-3 family are differentially expressed in the brain of human alcoholics. However, the majority of these studies have used hybridization techniques (microarrays) or sequencing of protein fragments following twodimensional gel electrophoresis, neither of which is ideally suited to measuring the isoforms of gene families with high degrees of sequence similarity. In a study using both cDNA and olignucleotide arrays, a 14-3-3 transcript with sequence homology to 14-3-3θ was increased in the prefrontal cortex of alcoholics when assayed by oligonucleotide array, but not by cDNA array (Lewohl et al., 2000) . In a separate microarray study, 14-3-3η was reportedly upregulated in the nucleus accumbens of alcoholics (Flatscher-Bader et al., 2005) . Global proteomics studies showed that four of the seven 14-3-3 proteins (14-3-3ε, ζ, η and γ) were down-regulated in the prefrontal cortex of alcoholics .
Because of the role of the 14-3-3 proteins in mediating cell damage and neurodegeneration, and the discrepancies between published studies, we measured the expression of all seven transcripts in the cerebral cortex of long-term alcohol misusers and healthy controls using Real-Time PCR. Expression was compared between the prefrontal cortex, a region of the brain that is particularly susceptible to the neuropathological effects of alcohol, and the primary motor cortex, which is relatively spared.
Methods

Tissue collection
Human autopsy brain tissue was collected by the Queensland Brain Bank, School of Chemistry and Molecular Biosciences, University of Queensland, and the NSW Tissue Resource Centre, University of Sydney, both of which are supported by the National Health and Medical Research Council (NH&MRC). Brain samples were collected by qualified pathologists under full ethical clearance and informed consent from the next of kin.
The cerebellum and brainstem were detached from the cerebrum by sectioning through the upper midbrain at the level of the superior colliculus. The cerebrum was hemisected, with one half being fixed in formalin for macro-and microscopic pathological examination. Cortical and sub-cortical pieces were dissected from the other hemisphere, immersed in ~10 vol of 0·32 M sucrose, and slowly frozen as previously described for optimal preservation (Dodd et al., 1986) . Previous studies have shown that brain RNA is stable for up to 48 hours post mortem (Hynd et al., 2003) and can be used for PCR-based analysis (Lewohl et al., 1997) . Frozen tissue pieces were stored at −80°C until required. Two regions from each brain were selected for analysis: dorsolateral prefrontal cortex (Brodmann areas 6 & 8) and the primary motor cortex (area 4).
Case Selection
Alcoholic and control groups were selected on the basis of alcohol consumption. Controls were defined as having consumed less than 20 g of ethanol per day, while alcoholics had consumed more than 80 g of ethanol per day, for most of their adult lives. Many alcoholics used in the study had consumed far greater daily quantities of alcohol than this, and had been drinking for more than 20 years. Alcoholics were further subdivided on the basis of comorbid disease. Uncomplicated alcoholics were differentiated from cirrhotic alcoholics on the basis of pathologically confirmed cirrhosis of the liver. Neither controls, uncomplicated alcoholics nor cirrhotic alcoholics had any other known disease complication at time of death. They were not drug users and had no psychiatric disorders requiring medication. Cases suffering other neurological diseases, such as Wernicke-Korsakoff syndrome or hepatic encephalopathy, were excluded.
RNA Isolation
Total RNA was extracted from the prefrontal cortex and primary motor cortex using TRIzol™ Reagent (Invitrogen, Mt Waverly, Vic, Australia) according to the manufacturer's protocol. The frozen brain pieces were homogenized in 10 vol TRIzol™ Reagent using a polytron (Kinematika, Switzerland). Following ethanol precipitation the pellet was resuspended in DEPC-treated water. RNA quantity was measured by absorbance at 260 nm using a Nanodrop (Thermo Scientific, Waltham, MA, USA). Total RNA was stored in aliquots of 20 μL at −70°C until required.
Reverse transcription
Reverse transcription of samples was performed using an Oligo(dT) 20 mer. A mix consisting of 3.8 μM oligo(dT) 20 (Sigma-Aldrich, Castle Hill, NSW, Australia), 2 μg Total RNA, 0.77 mM dNTPs (Promega, Annandale, NSW, Australia) in a final volume of 13 μL with DEPCtreated water was incubated at 65°C for 5 min and placed on ice for 1 min. 4 μL of 5x firststrand synthesis buffer, 50 mM dithiothreitol, 40 U RNaseOUT™ and 200 U Superscript™ III (Invitrogen) were added to the mix containing 2 μg RNA and incubated at 50°C for 1 h.
The reaction was inactivated by incubation at 70°C for 15 min. Sample aliquots were stored at −70°C until required.
Primer Design
Primers were designed using Primer Express v1.5 Software (Applied Biosystems, Scoresby, Vic, Australia) and synthesised by Sigma-Aldrich. Primer specificity was verified using BLAST from the GenBank non-redundant nucleotide sequence database (NCBI; Altschul et al., 1997) . Primer pairs were designed such that one of the pair spanned an exon boundary to eliminate amplification of gDNA. Primer sequences can be found in Table 1 .
Real-Time PCR
Real-Time PCR was conducted using the Corbett RotorGene 3000 with SYBR ® Green as the detection dye. Each PCR reaction on the 72 well rotor consisted of 5 ng of cDNA, 12.5 μL of SYBR Green PCR Master Mix (Applied Biosystems), 300 nM of each of the pair of oligonucleotide primers in a final reaction volume of 25 μL per well. No-template samples were included with each primer set to act as a negative control, while Universal Human Reference RNA (UHRR; Stratagene, La Jolla, CA) cDNA was used as a positive control to confirm amplification in each experiment for each primer pair. The endogenous control used for determining ΔC T values was glyceraldehyde-3-phosphate dehydrogenase (GAPDH). Duplicate amplifications were conducted for each sample. Threshold (T) was set above baseline in the exponential phase of the reaction using the plot of fluorescence vs. cycle number. To permit comparisons between experiments this threshold value was kept constant across experimental runs. Cycle threshold (C T ) is defined as the number of cycles required for the fluorescence of an amplifying PCR product to cross the fixed threshold line. Assay variability (both intra-and inter-assay variability) was tested using cDNA serial dilutions generated from UHRR for each primer pair.
Differences between mean C T values of the duplicates (of each transcript) compared with the endogenous control gene were calculated using Microsoft Excel to give a ΔC T value. ΔC T values were used for statistical analysis and the means converted to 2 −ΔC T for presentation as outlined in Livak and Schmittgen (2001) . Relative expression was graphed using the means converted to 2 −ΔC T for presentation using GraphPad version 5 (GraphPad Software Inc, La Jolla, CA, USA).
Statistical Analysis
Statistical Analysis was conducted using SPSS v16 (SPSS Inc, Chicago, IL, USA). Analysis of Variance (ANOVA) was followed by the Tukey hsd post hoc test where appropriate. The effects of age at death, post-mortem interval (PMI), brain weight (BWT) and gender were determined. Differences between the slopes of the regression lines were also tested. When regression was significant, covariance analysis (ANCOVA) was used to normalize the data and to produce adjusted least-squares mean and S.E.M. values.
Results
Case information is outlined in Table 2 . Alcoholics and controls were matched as closely as possible for PMI and age at death. There was no significant difference in age between groups: controls 61 ± 3 y, uncomplicated alcoholics 52 ± 3 y, cirrhotic alcoholics 60 ± 4 y. There was no significant difference between groups for PMI: controls 30.6 ± 5.2 h, uncomplicated alcoholics 29.4 ± 3.3 h, cirrhotic alcoholics 24.2 ± 5.6 h. Mean brain weights were slightly lower in cirrhotic alcoholics (1249 ± 34 g) than in controls (1337 ± 25 g) and uncomplicated alcoholics (1334 ± 27 g) but this difference was not significant. However, females had significantly lower brain weight than their male counterparts, both overall and within each group. There were no significant differences across groups for either males or females in age, PMI or BWT.
To determine if the expression of any of the seven 14-3-3 isoforms was correlated with age at death, PMI or brain weight, linear regressions were performed on each data set. Regression analysis was conducted on all subjects combined. Where a significant correlation was found, further analysis on subjects separated according to alcoholic status (controls vs. combined alcoholics) was performed. There was no significant correlation between the expression of any of the 14-3-3 transcripts and age at death or PMI except for 14-3-3σ, which showed increasing expression levels with age, but only in the motor cortex (F 1,21 = 5.93, P = 0.012). When case groups were analyzed separately, 14-3-3σ showed a significant correlation in controls (F 1,21 = 5.93, P = 0.024) but there was no such correlation in combined alcoholic cases (F 1,32 = 1.07, P = 0.31). ANCOVA on the expression of 14-3-3σ with age at death as the covariate did not alter the pattern of effects observed with ANOVA alone. Since the case groups did not differ significantly in age, a simple factorial ANOVA was appropriate to analyse the data.
Linear regressions on brain weight showed significant correlations for 14-3-3σ in both cortical regions (PFC: F 1,57 = 7.35, P = 0.009; Motor, F 1,55 = 9.5, P = 0.003) and for 14-3-3γ in motor cortex only (F 1,53 = 5.23, P = 0.026). This correlation was not found for 14-3-3γ when case-groups were analysed separately. However, increasing 14-3-3σ expression was correlated with increasing brain weight in combined alcoholics, but not controls, in both cortical regions (combined alcoholics, PFC, F 1,34 = 8.69, P = 0.006; Motor, F 1,32 = 5.66, P = 0.024). ANCOVA of 14-3-3σ expression with brain weight as the covariate did not alter the pattern of significant differences in expression found with ANOVA. Since the case groups do not differ significantly in brain weight, a simple factorial ANOVA was appropriate to analyse the data.
Use of an appropriate endogenous control (housekeeping) gene as an internal reference is critical to the analysis of relative expression levels using Real-Time PCR. Expression of GAPDH was measured in each sample included in the study. Comprehensive statistical analysis was carried out on the raw C T values to determine differences in GAPDH expression (if any) between groups, genders and brain regions: no significant differences were observed. Transcript levels of all seven 14-3-3 genes were expressed relative to the C T of GAPDH in each sample (Pfaffl, 2001) . Statistical tests were performed on the ΔC T values for each gene.
Initially, expression differences were analyzed across groups regardless of gender. Subsequent analysis addressed gender-specific expression levels of each transcript. Statistically significant differences in gene expression were observed for six of the seven 14-3-3 isoforms. In the prefrontal cortex, 14-3-3β RNA levels were significantly lower in cirrhotics compared with both controls and uncomplicated alcoholics, while in the motor cortex, RNA levels in cirrhotics were significantly lower than uncomplicated alcoholics (Figure 1, part A) . Levels of 14-3-3γ and θ transcripts were significantly lower in both cortical regions of cirrhotic alcoholics compared with controls and uncomplicated alcoholics (Figure 1, part B & F) . In contrast, 14-3-3σ expression was significantly greater in the prefrontal and motor cortices of cirrhotic alcoholics than in controls and uncomplicated alcoholics (Figure 1, part G) . Expression levels of 14-3-3ε and ζ were significantly lower in cirrhotics compared to uncomplicated alcoholics, but only in the motor cortex (Figure 1 In female cases, significantly lower expression values were seen for 14-3-3γ, ζ, η and θ. For 14-3-3γ, and ζ expression levels were lower in the prefrontal cortex of cirrhotics compared with controls, while 14-3-3θ expression was lower in the prefrontal cortex of cirrhotic alcoholics compared with both controls and uncomplicated alcoholics (Figure 2, parts B , D, F). While no significant difference in the expression of 14-3-3η was found in either area of the combined case group, this expression of this isoform was significantly lower in the prefrontal cortex of female cirrhotics compared with controls (Figure 2 , part E). In males, 14-3-3θ expression was significantly lower in cirrhotic alcoholics than in both controls and uncomplicated alcoholics in the prefrontal cortex. In motor cortex however, the expression of this isoform was lower in cirrhotics compared with uncomplicated alcoholics (Figure 3 , part F). In the prefrontal cortex, 14-3-3σ expression was significantly higher in male cirrhotics compared with controls and uncomplicated alcoholics, while in motor cortex, 14-3-3σ was significantly higher in cirrhotics compared with controls ( Figure 3, part G,) .
Discussion
Previous microarray and global proteomic studies have shown that 14-3-3 mRNA transcripts and proteins may be differentially expressed in the prefrontal cortex of chronic alcoholics (2004; Lewohl et al., 2000) . However, due to the nature of microarray and proteomic studies, distinguishing the expression profiles of specific isoforms, which share regions of high homology, is very difficult. Due to the proposed role of 14-3-3 isoforms in a number of neurodegenerative disorders (Mackie and Aitken, 2005) , and the conflicting results of previous studies, we quantified the mRNA expression of all seven human 14-3-3 isoforms in the prefrontal and motor cortices of alcoholics and controls using isoform-specific primers and Real-Time PCR.
Six isoforms demonstrated statistically significant changes in expression in the brain. Five of these isoforms showed lower expression in cirrhotic alcoholics and one, 14-3-3σ showed higher expression in cirrhotic alcoholics than controls. There were also differences in the expression profile of these isoforms between the two cortical regions studied. The expression of 14-3-3γ and θ were lower in cirrhotic alcoholics than in controls in both cortical regions whereas 14-3-3β and 14-3-3ζ were differentially expressed only in the motor cortex of cirrhotic alcoholics.. In addition, female cirrhotics showed lower expression of 14-3-3γ, ζ, η and θ in the prefrontal cortex only, while in male cirrhotics, 14-3-3θ expression was lower and 14-3-3σ expression higher in both prefrontal and motor cortices. The difference in the expression profile of 14-3-3 isoforms with disease state, between cortical regions and between males and females suggests that these isoforms are regulated by distinct mechanisms. Although the isoform-specific regulation of expression of these isoforms has not been studied in detail, there is emerging evidence that the expression of 14-3-3σ is mediated via DNA methylation (Vera et al. 2010 ) and that 14-3-3ζ is regulated by at least one microRNA, miR-451 (Yu et al. 2010) . The role of DNA methylation or microRNA regulation of the other isoforms remains to be elucidated. 14-3-3 proteins are abundantly expressed in the brain and are associated with several neurological diseases, including status epilepticus, Creutzfeldt-Jakob disease, Parkinson disease, and Alzheimer's disease (Reviewed in Berg et al., 2003) . Isoforms of this highly conserved group are enriched in areas of the brain that are of particular importance in neuroplasticity and higher brain functions such as the prefrontal cortex (Skoulakis and Davis, 1998) . These proteins are involved in a range of different cellular processes, from cellular proliferation and signal transduction to apoptosis and cell-cycle control (Dean et al., 2007; Dougherty and Morrison, 2004; Fu et al., 2000; Xiao et al., 1995) . Their involvement in these processes is through phosphorylation-dependent interaction with protein targets, which include a variety of signalling molecules, transcription factors, cytoskeletal proteins, biosynthetic enzymes, apoptotic factors, tumour suppressors, and ion channels (Dougherty and Morrison, 2004) . Direct binding of 14-3-3s to their protein targets increases enzyme activity and controls the subcellular localization of target proteins (Berg et al., 2003) . To date, very few isoform-specific binding partners have been identified. However, it is likely that each of the seven isoforms exhibit distinct expression profiles and specificity of binding partners.
In the brain, 14-3-3 proteins play a pivotal role in the regulation of neurotransmission and have the capability to bind to more than 100 neuronal proteins. One of the key neuronal protein targets is tyrosine hydroxlyase (TH), which catalyses the rate limiting step in dopamine synthesis. 14-3-3 proteins bind directly with TH and this interaction is required for its optimal activation and stabilization (Obsilova et al., 2008; Wang et al., 2009) . A reduction of 14-3-3 transcripts in the prefrontal cortex of human alcoholics may therefore result in a decrease in dopamine synthesis and a reduction in dopaminergic neurotransmission.
14-3-3 proteins also bind to and mediate the subcellular localization of many proteins, including neurotransmitter receptors. One such interaction is the binding of 14-3-3η and ζ to the GABA B receptor. These isoforms bind to the C-terminus of the GABA B -R1 subunit and control the assembly of functional receptors by preventing the dimerization of GABA B -R1 with GABA B R2 (Couve et al., 2001) . Thus, reduced expression of 14-3-3 isoforms in the prefrontal cortex may alter GABA neurotransmission by altering the number of functional GABA B receptors in the neuronal membrane. The 14-3-3 family of proteins has also been implicated in the regulation of apoptosis. Selected 14-3-3 isoforms bind to and sequester specific pro-apoptotic proteins. For example, 14-3-3θ binds to Bad (Zha et al., 1996) and Bcl2-associated X protein (Bax) (Nomura et al., 2003 ) and 14-3-3ζ binds to apoptosis signal-regulating kinase 1 (Zhang et al., 1999) . The binding of 14-3-3s to these pro-apoptotic proteins prevents their function and inhibits apoptosis. A loss of functional 14-3-3 proteins may therefore result in increased free proapoptotic proteins in the cytoplasm and ultimately cell death (Ubl et al., 2002) . Alcoholics show neuronal loss, particularly in the prefrontal cortex (Harper and Matsumoto, 2005) . Deregulation of neuronal survival mechanisms by 14-3-3 proteins may contribute to alcoholrelated neuronal loss.
In the brain, the acute effects of alcohol, mediated by interactions with various neurotransmitter and signalling systems, result in the modified release of neurotransmitters from presynaptic terminals. The 14-3-3 protein isoforms may be important contributors to neuronal loss and may therefore play a critical role in the development and progression of the damage that results from chronic alcoholism. This study has identified changes in 14-3-3 gene expression levels that implicate these proteins in the brain's response to alcohol and will aid in elucidating the mechanisms and pathways by which alcohol affects the brain. Relative expression in both Prefrontal and Motor cortices. Data is presented as mean ΔC T converted to 2 −ΔC T (with S.E.Ms). Asterixes denote significant changes between control and cirrhotic alcoholics, hashes denote significant changes between uncomplicated alcoholics and cirrhotic alcoholics (Tukey hsd P < 0.05). Solid bars represent Controls, lightly shaded bars represent Alcoholics without comorbid disease and open bars represent Cirrhotic Alcoholics. A significant reduction in gene expression was observed in both the prefrontal and motor cortices in 14-3-3β, γ and θ. In both 14-3-3 ε and ζ a significant reduction in expression was observed in the motor cortex only. There was no difference in either the prefrontal or the motor cortex for 14-3-3η. The only transcript to show a significant increase in expression was 14-3-3σ. This increase was seen in both the prefrontal and motor cortex. A. 14-3-3β (PFC, F 2,53 = 4.72, P = 0.01, Motor, F 2,52 = 3.25, P < 0.05) B. 14-3-3γ (PFC, F 2,53 = 5.04, P < 0.01, Motor, F 2,52 = 5.11, P < 0.01) C. 14-3-3ε (PFC, F 2,53 = 2.05, P = 0.14, Motor, F 2,52 = 3.30, P = 0.05) D. 14-3-3ζ (PFC, F 2,53 = 2.10, P = 0.13, Motor, F 2,52 = 3.62, P = 0.03) E. 14-3-3η F. 14-3-3θ (PFC, F 2,55 = 13.09, P < 0.001, Motor, F 2,55 = 6.45, P = 0.003) G. 14-3-3σ (PFC, F 2,56 = 10.57, P < 0.001, Motor, F 2,54 = 4.83, P = 0.01) Relative expression in Prefrontal and Motor cortices in females. Data is presented as mean ΔC T converted to 2 −ΔC T (with S.E.Ms). Asterixes denote significant changes between control and cirrhotic alcoholics (Tukey hsd P < 0.05). Key as for Fig. 1 . Significantly lower expression of 14-3-3 γ, ζ, η, and θ was seen in the prefrontal cortex only of female cirrhotics compared with controls. A. 14-3-3β B. 14-3-3γ (PFC, F 2,22 =3.93, P = 0.035, Motor, F 2,22 = 1.61, P = 0.22) C. 14-3-3ε D. 14-3-3ζ (PFC, F 2,22 =3.51, P < 0.05, Motor, F 2,22 = 1.26, P = 0.30) E. 14-3-3η (PFC, F 2,23 =3.68, P = 0.04, Motor, F 2,23 = 1.28, P = 0.30) F. 14-3-3θ (PFC, F 2,23 =6.8, P = 0.005, Motor, F 2,23 = 2.78, P = 0.08) G. 14-3-3σ Relative expression in Prefrontal and Motor cortices in males. Data is presented as mean ΔC T converted to 2 −ΔC T (with S.E.Ms). Asterixes denote significant changes between control and cirrhotic alcoholics, hashes denote significant changes between uncomplicated alcoholics and cirrhotic alcoholics (Tukey hsd P < 0.05). Key as for Fig. 1 . The expression of 14-3-3θ in prefrontal and motor cortices was significantly lower in male cirrhotics than in either controls or non-cirrhotic alcoholics. This was true in motor cortex when male cirrhotic alcoholics were compared with male non-cirrhotic alcoholics. Expression of 14-3-3σ in prefrontal and motor cortices was significantly higher in male cirrhotic than in controls. A. 14-3-3β B. 14-3-3γ C. 14-3-3ε D. 14-3-3ζ E. 14-3-3η F. 14-3-3θ (PFC, F 2,29 =5.58, P = 0.009, Motor, F 2,29 = 4.16, P = 0.026) G. 14-3-3σ (PFC, F 2,29 =10.764, P < 0.001, Motor, F 2,29 = 5.90, P = 0.007) Table 1 Real-time PCR Primers Transcript Primer Sequence
GenBank Accession Number
Location GAPDH NM_002046 Forward 5′ -TGC ACC ACC AAC TGC TTA GC -3′ 529
Reverse 5′ -GGC ATG GAC TGT GGT CAT GAG -3′ 595
14-3-3β
NM_003404.3 Forward 5′ -GGC AAA GAG TAC CGT GAG AAG -3′ 523
Reverse 5′ -CTG GTT GTG TAG CAT TGG GAA TA -3′ 625
14-3-3γ
NM_012479.2 Forward 5′ -AGC CAC TGT CGA ATG AGG AAC -3′ 295
Reverse 5′ -CTT CTG CTC AAT GCT ACT GAT GA -3′ 398
14-3-3ε
NM_006761.3 Forward 5′ -AAT GAT TCG GGA ATA TCG GCA AA -3′ 353
Reverse 5′ -ACT CGC CAG TGT TAG CTG C -3′ 462
14-3-3ζ
NM_003406.2 Forward 5′ -CCT GCA TGA AGT CTG TAA CTG AG -3′ 155
Reverse 5′ -GAC CTA CGG GCT CCT ACA ACA -3′ 254
14-3-3η
NM_003405.3 Forward 5′ -CGA CCA CAC TCT TTT TCT TCT CC -3′ 683
Reverse 5′ -TTC CAG TAT GAG AGC AAG GT -3′ 584
14-3-3θ
NM_006826.2 Forward 5′ -AGC CAA TGC AAC TAA TCC AG -3′ 396
Reverse 5′ -GTT TGT TTT CGA TCA TCA CCA -3′ 541
14-3-3σ
NM_006142.3 Forward 5′ -AAG ATG AAG GGT GAC TAC TA -3′ 435
Reverse 5′ -GAC CGG GCT GAG TCA ATG A -3′ 517 PMI, post-mortem interval; BWT, brain weight There was no significant difference between groups on any parameter Age: F 2,58 = 2.40, P = 0.10; PMI: F 2, 58 = 0.41, P = 0.67; BWT: F 2, 58 = 2.41, P = 0.10 Female: Age, F 2,24 = 1.42, P = 0.26; PMI, F 2,24 = 0.024, P = 0.98; BWT, F 2,24 = 2.78, P = 0.08;
Male: Age, F 2,31 = 1.542, P = 0.23; PMI, F 2,31 = 0.10, P = 0.38; BWT, F 2,31 = 1.41 , P = 0.26 Females have lower brain weight than their male counterparts in all groups (Overall, F 1,59 = 33.65, P < 0.01; Controls, F 1,21 = 10.43, P = 0.004; Uncomplicated Alcoholics, F 1,23 = 15.64, P < 0.001; Cirrhotic Alcoholics, F 1,11 = 9.98, P = 0.01)
